Effects of crustacean cardioactive peptide on the hearts of two Orthopteran insects, and the demonstration of a Frank-Starling-like effect.
Like vertebrate cardiovascular systems, the dorsal vessel of the Orthopteran insects Baculum extradentatum and Locusta migratoria is under myogenic as well as neural control, through the action of neurotransmitters, neuromodulators and neurohormones. It was previously shown that the excitatory neuropeptide, crustacean cardioactive peptide (CCAP), triggers an increase in heart rate in B. extradentatum, and CCAP-like immunoreactivity is present in the innervation to the heart in many insects. In the present study, CCAP resulted in a dose-dependent increase in heart rate and hemolymph flow velocity, or cardiac output, in B. extradentatum. In contrast, CCAP led to a significant increase in stroke volume and cardiac output in L. migratoria without modifying heart rate or aortic contraction frequency. Hemolymph flow through the excurrent ostia of L. migratoria, small openings or valves on the posterior aorta and anterior heart, was inhibited with increasing concentrations of CCAP, with complete inhibition seen at 10(-7) M CCAP. In the locust, CCAP increases the volume of hemolymph in the dorsal vessel by the synchronous closing of the excurrent ostia, resulting in more forceful heart contractions and increased stroke volume and cardiac output, without modifying heart rate through a physiological mechanism analogous to the Frank-Starling mechanism in vertebrates. Therefore, crustacean cardioactive peptide alters the contractile properties of cardiac tissue in both B. extradentatum and L. migratoria, allowing for an increase in blood flow and circulation.